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i. Integral leilled .id boaded Jda stringer eaabinatibar 

2, w e d  w e 1 6  

3. Honeyeaib a v t l M h  panels 

4. C o r n y p t e d  core aamgreraion sandwlah panels 

In eaah w e  Q three layered stmature was conlidered. The tua inner sheets were 

urad 86 a oabimtfbn ahicilrf and ecapresdon struature W e  the outer sheet I ~ I  

8 n o & N a t d  sbield. The materiala comidered included 2000 and 7000 aerie8 

.l\nirmp, mtgnesirnn Uthitnn (SA I&), 300 series BtBinlesa steel and 6 A l 4 V  

t i m a o r .  

loaded cagpFession structure utilizing the l ightest  materials for this appucatian, 

a l a  and ma~sium-Uthium. The results indicate tht the lights& struetitwe 

for m u  tkt are rclrtively cool and have light unifaw loads is a bcmdd or 

0 

Table 1 caflpares the relative weights of several type8 of uniformly 



.. 3 

On tha badr of data generated for Saturn, r e m e  heating rates tan the 

d e r  IRu'i.ee are eotirsted to be wlifieientljr l a w ,  w that on .Of& ragredua- 

UtMtmt .he& u l l l  be adequate whan amhd with high d s d v l t y  pint. Aa 

outer shield pure1 of 19 x 35 inaher mm aeleated by panel flutter CLad aaoaatio 

ndre eonddezmtianr. 

The rupport pta releetad far the rdngle kgdrepn tank I s  ahom in Mgura 2. 

tu8 the attachcat 18 Bade by a em8 Stmcture between module- 

attaeh - and the thin outer tank-skin. 

The inner bnk and l iqi ld €q&ogen weight i r  transmitted to the t b b  outer-adn 
b 
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by aompreaw the haulation. A 

langitudinal shrinkage of the outer shcl l  aad ale0 carzd.es part of the side 

load. 

support on tb lower end pemltr a 
I)ro other n;lpport methodm conaidered were direct  point attachpent of the thia 

outer-tak to the propdda module eaapreelbio~ sbructurc, and direct attach- 

m a t  of the inner tank to the aasprcaeaion structre. 

rejecrted b8s8use of 8cau8tic noise acwUideratiol6, the reccmcl because of high 

heat leak. 

The - appma8h w8s 

Several methods for supparting the four li@d m e n  tanks between the member@ 

of the snghe-attach om68 bearra.were eonsidered. One m e t h a d  required attach- 

ment to the outer shell,(Fignre 3) .  

In tMc mhme the we- of the inner trnk .sd men is t r a n d t t e d  t o  the 

outer &ell by mean1 of the oaaapwrared inspktion. 

the outer shell to the erosr-berrar by a short beam rtructure. Another porsibillty 

for load tramfer from the outer ahell is by m e a m  of a net fastened amwad the 

rofi outer &ell attd attrchod to the arorrs-beanu. The p b l a a  of nrintainin(l 

tendon under varying t eqmrature  and load conditiana may I.eQulre u s i n g  a 

m e c h o n i a a l  r p e a n i  of adjwting tendon. 

to the h e r  tank, using either a titanium or a flberglase beam (Figure 4) .  

frrPdr are t r a n d t t e d  frcm~ 

A third possibility i s  t o  tie drwtly 

In emhat lng  these appmm8he8, the eezuidentiaru were we-, dmelopent and 

fabrleatian p b l e m s ,  ubd Uquid oxygen loss  frem support sypdc~a heat leak. 

Theie Considerations are tmaarhed Ih tho fo l lmdq table: 
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Tie t o  Frsure on 1888 than 5 IbS Tes (suter tank) 
outer tank 

Net support 011 1@B8 than 5 Ib8 BO I)ercrlaprpent 
outer tank prablap of mala- 

tahing tsasian 
in nets 

Titanirrsl suppart 70 lbs  Yes (inner tank) 
to inner tank 

Yes ( h e r  tank) 

Comparimn of methods 3 and 4 shows tbat the titanitan beam, which has a 

nc;nller cross-section, i6 l i g h t e r  and causes less liquid O2 loss than the larger 

fiber ghat3 beaut. I 

Of the methads inveatipted, it agpeara that the only one not requiring a 

frame I s  the net-type of sugpart for the outer tpBk. However, develnpoad of 

mechanioal means  to maintain c o m t  tension in the nets i s  rsquired. The 

p i b o s t  p&dng method appears to be a tie to a frsrre on the outer tank. The 

weight penalty is e~ual to that of the inner tank attoebent, but the 70 to  

The prelindaary work on the module is acmplete, except for making chenges 

dictated by the test progm. It i8 planned t o  make these ohaqas af t e r  the 

Material EPaluatfon 

prCrnned and testing I s  under my. It ir believed that greater underutmdhg 

of the penetration procrear wfy be obtained under thia pragrua by rtudjdng the 

effiaienaier of the tnrriourr d h d  and fffler materials separately prior to 
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tcstfag thmi in edirmtlon.  

can best be aacomplished ua- the B o e b g  1/32'' and 1/16" 

It is f e l t  that tbis porti.cn of the testing 

gas guns. 
0 

The f i l l e r  lusterfals which ape currently being tested include: 

1. Polyurethane 

2. Polystyrene (rigid, in 3 density ranges) 

3. Q-felt 

6.  

5 .  D-8 

6 .  0wens-Comi.q 'PWF Insulating mol 

Stabilized Q-felt (ampessed and rigidfsed) 

These BateriAls have been tested using 1/32" projectiles in the medium 

velocity range (U,OOo t o  20,000 ft/ mc) in an atteaqrt t o  d u a t e  their 

efficiency in defeating particle6 of this sise. 

-e trends have become apparent based upon the t e s t i n g  done e#, far: 

1) PYberous fi l ler  materials (Glasswool tind Q-felt) are more effective tbaa 

celluhar materiale (Polystyrene and polyurethane) in eroding projectile 

0 

h@WXlt8. 

2) No weight advantage appears t o  be gaiaed by increasing the dendtg  of 

the d g i d  celluZarr fillers. 

pdystyrene foam are oompal.cd on a Weight per unit areaii basis, (weight 

per unit area = depth of penetration x weight/unit volume) the quantity 

of waterid required to defeat a 0.49 ng magnesiura-llthht partiale a t  

approximately 16,000 ft/sec 18 O.ll0 rf: 0.010 lbe/ft2 fer all densities. 

Sinuar t e s t a  using 1.02 sq aludmsl particles at appmxlrnably 15,000 rt/sec 

For example, if the three densities of 

show tbat 0,200 tO.030 Ibs/ft2 are needed. 

3) Multiple close packed layers ef foil and insulation materials such as 

f);eslglas do &m% appear prosdSing 8s baxTbr elements. 

that 17.6%/2t2 is reqtdred to defeat 8 1.02 ?ag alcEadnt0r Part;ide a t  

1% &a edlaated 



am- ' - t e l y  18,000 Ft/scc. 
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B e e r  geoaaetry test- has been initiated ut i l la ing  the 1/4 inch Ught &as 

gun. The purpose o f t h i s  Ber ieB of tests is t o  hve&iguta the effect8 of 

shield thickneae and spacing. The materials uaed were x>24-T3 al- sheet 

a d  Owens C O W  TU-F inrulatw -1, All te&a v ~ r t t  p~rfonned wlth l/k 

inch spherical s l h  projectiles in the 20,OOO ft/se m e .  

The insulating &or wool was chanen as f i l l e r  material becauae althwght It 

was not the lightest material it  hiad other desirable chsracteristics. 

Indatbg wool is readily canpressible and allows a wide range of denaitie8 

to be obtained easily. Unlike t h e  cellular mater ids ,  it permits the products 

of t h e  explosive reaction during hpact t o  be vented thus minlmiefng the m h ~ e  

of d0nag;ed f i l l e r .  

and contribute fewer volatile products to the reaction. 

Finally the gXass-umland also Q-felt are relatively fnert 

Some typical uodigurations used t o  deterdne the effects of geometrf and 

k8ed upon t e r t i P g  done date the follDaang treads have been cibaerveds 

(1) C l m s e d  c e l l  t o a s  are undesirable. The outer shield shatters t b  projectile 

into many mall. p w k l e l e r  t m e  of whiuh are vaporiired (plonll u5th the 

m e r  =te~.M.) giving rlae t o  an eocpouding =hue of g;as. Closed c e l l  

fouas tend te tmp gar in the uells \drish then inareasea the explosive 

abaractsr of the m a t i o n .  The resulting preseure pulae shatterm the 

fl l ler material ever a wide area adjacent t o  the path of the partialerr 

and substanttally increase8 the damage to the inner shield. The ddn 

suffers a large petal-shaped hole &&l.ar to those frequent4 seen when 

explodans oemr adjaaent to t b  b e t  struotures. 



A d d h r  effect is observed Zor any lov d e m i t y  filler if suffleient w o e  

is not p r i d e d  between the shield and the rldg t o  88eUorate the effects 

of the explordve reaction (see flgum 13) 

2) Frcm a weight standpoint the met efficient configuration appears t o  be 

a three-sheet sandwich with f i l l e r  material aaacent to  the outer shield. 

A plausible elcplonatim is that  the  two olaar shiel.de and filler,ehatter .led 

erode the projectile VMLO the intervenjng space in front of the Lnner ddn 

the preraure w o e  t o  diaeipate before striking the skin. 

Shield Fatezlal h l u a t i o n  

Seyeral t e d s  were performed t o  detemhe the effect of projectile denoity. The 

eonfiguration8 naed Yare 0.008t1 and O.OIOtl Rene'W sheet plaued 1/2It in fmat of 

.2umixnm Vitness plateo. 

rPagnesitnn-lithl.um. 

rnapleaium-Uthiuta projestfie was appndrestely 75% of that a w e d  by the a l e .  

The associated damage to the witness platc uao also coarsidereblp less, Mieroseopiu 

F?ra8linatim of the holes in t h e  bunper and the craters in t h e  witness p b t e  iadierh 

that the apparancc of damage is identical to that h.ap3. large projectiles impaetin(b 

thiek shields and semi-infinite targets. (This fact lends support to the the& 

that a large amout of scree- of materials can be sudcessrully acccmpU.shed using 

minfatwLred equipent) . 

The p 3 e c t i l e o  were 1/32" aylinders of a l w  and 

In eaah t e s t  the dhmeter of the hole muaaed by the lama d a m  

b an a t t w  to estabUsh the vebaity+nass capability of other facil it ies,  requ8&8 

for quotatIan were oent t o  ten industrial Md educational research organhati-. 
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These facilltie~ were eselected on the basfs of reputatton and published Wormation 

indicating that the* equipapent could meet mas11 and velecitp requiranents. To date 

nine -ea have bean received. 

0 

The work planned for the forthecmbg period Mudeb: 

1) Emhaation of outside f u t f l l t l e s  

2) ErPluation of f i l l er  materialrr at bfehar velocitiee 

3) uWfaluation of 8hield zatt.sials and thicknessell at VelOCit ieU 

above %,Mx) ft/see 

4) BB1Tie,r geometry tasting 

No problwm barn arimn that dll affecrt the CaPgletioa of this program., 
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